CT Scan Mechanics, its Advantages and Health Risks

The computed tomography (CT) scanner has become widely used in the last 25 years. The CT scanner was first introduced in a clinical environment between 1974 and 1976. Godfrey Hounsfield of EMI laboratories in England invented the CT scan for which he later received the Nobel Prize (1). His scanner provided raw data, which was then used to obtain an image that usually took a couple of days. Modern scanners have been optimized to produce raw data in 350 milliseconds and are able to reconstruct an image in one second. In terms of performance and usage, CT scanners have become a standard method for diagnosing various disorders and diseases.


A CT scanner consists of two parts: the x-ray detector and x-ray source. The x-ray source is an electron-beam x-ray generator. It is used to emit x-rays in a circular manner towards parts of a patient’s body. The detector absorbs the x-rays that pass through the skin, muscle, bone and other tissues and converts part of the energy into light (2). The detector is connected to a computer that interprets the data into a two-dimensional cross-sectional image. This image represents the linear x-ray attenuation coefficient of each slice of the actual object (6). Many different slices can be taken in order to form a three-dimensional image of the object, which then can be examined for position and density. By using the x-ray attenuation coefficient, the local instantaneous rate of x-ray removal by dispersion or absorption can be determined (6). The ingoing radiation will differ from the outgoing x-ray because it interacts with the body, which varies in density from tissue to tissue. The importance of the attenuation coefficient is that it is proportional to the density of matter. Almost all types of computed tomography scanners are based on this principle.  

Modern CT scanners can produce helical or axial images and are capable of reproducing multiple images simultaneously (8). The technique is generally used for viewing cracks and locating specific features within an object (5). Clinically, CT scanners are used to reproduce the anatomy of parts of the body. By using this method, early detection of many diseases is often possible. Clinical studies have shown that CT scans are efficient detecting soft tissue diseases, lung cancer, colon cancer and vascular diseases (10-11). CT scans have also been proven to be useful in finding diseases of the abdomen (12). Overall, the benefits of CT scans include three-dimensional images for surgical planning, whole body, thin slicing imaging, and images that facilitate the correct diagnosis of anatomical anomalies.


Despite the wide range of clinical usage of CT scanners, there is an increasing concern of possible risks of radiation exposure to the patients beyond the normal tolerable dosage. Since there is an increase in the use of CT scanners, especially of whole-body CT scans, determining any potential risks of radiation becomes very important. Studies such as the one performed by Brenner et al attempt to find the consequences of the radiation exposure from CT scan, with focus on whole-body CT scans. They determined that the average radiation dose of a CT scan to the lungs is 16 mGy, 14 mGy to the abdomen and 10 mGy to the bone barrow (13). The average dose is about 12 mSv (13). The annual natural background radiation dose is 3 mSv. Therefore the radiation dose received from a CT scan is much higher than the annual background radiation dose. Brenner et al. compare these values with the data obtained from study groups of atomic bomb survivors, which showed a statistical increase in cancer risks after radiation exposure. The atomic bomb individuals were exposed to a dosage amount between 5 and 100 mSv (13). Based on this data and the known radiation dose from CT scans, they conclude that there are valid cancer risks associated with CT scan radiation. 


Regardless of the risks associated with using CT scanners, their use has become indispensable in the medical field. Spiral CT scanners are able to reproduce an image of lungs in a matter of seconds. Axial CT scanners collect a series of cross-sectional images in order to form a three-dimensional image that provides physicians with the internal anatomy of organs. CT scanners are very useful in finding lesions, blood clots and tumors of different size, shape and spatial location. Great advances are being made in developing new software techniques and computer systems that can create three-dimensional “virtual reality” images (1). These types of images make it possible to use other non-invasive techniques, such as endoscopies. An endoscope is a device that is used to view organs or other anatomical structures on the inside. With the use of “virtual reality” images, physicians can get a view of anatomy without doing an actual endoscopy (1).  All of these systems are constantly being improved to collect more data at a faster rate and provide more information to the physicians in order to make an accurate diagnosis. 
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